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Abstract. This paper proposes a new marine oil spill gravity vec-
tor differences detection model based on scalability or viscosity of the oil and 
water. The model used the median filtering, zero pixels elimination, image 
normalization, nonlinear transformation, and brought in the law of gravity. The 
research was upon two oil spill incidents which occurred on the Mediterranean 
Sea in 2004 and the Gulf of Mexico in 2006. Based on the MODIS remote 
sensing data, we executed the model to detect the two incidents and compared the 
results with the results of Sobel detection algorithm. The experimental results 
illustrated that the model introduced in this paper is superior to Sobel detection 
algorithm. The proposed model is powerful in oil spill detection. 

Keywords: marine oil spill, gravity, vector differences.  

1 Introduction 

In recent years, the oil spill pollution accidents caused by wreck on rocks, mechanical 
breakdown, offshore oil platform leak and pipeline rupture occurred at a frequent rate. 
These accidents lead to huge ocean pollution, and more seriously, the production and 
life of the coastal residents are badly harmed. Countries in the world have invested a lot 
of manpower, materials and financial resources to deal with the various disasters 
caused by oil spill. How to quickly and accurately discover oil spill has become the 
most important research subject. The satellite remote sensing is swift, easily 
synchronized and time-effective, etc., thus it has become an important technique for 
marine oil spill detection. 

Currently, the primary oil spill monitoring sensor comprises a SAR of microwave 
sensor, and visible / near infrared data of optical sensor. Microwave remote sensing can 
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be in all-weather and all-time operation and this advantage makes it widely applied to 
the oil spill detection area. SAR image based oil spill detection algorithms are mainly 
threshold method [1-5], neural networks [6], texture analysis [7-8], wavelet 
analysis[9-10]. But SAR in the high wind speed region (> 6m/s) and low wind speed 
region (<1.5m/s) [11], and in some natural conditions is prone to produce look-alikes, 
which increases the difficulty in detecting oil spill. The SAR revisit period is relatively 
long and uneasy to meet the needs of real-time detection, and its acquisition cost is 
relatively expensive. In contrast, the optical sensor has a wider range of monitoring, 
less expensive cost, stronger time-effectiveness and richer spectrum information. It has 
become an important means of detecting oil spill. An optical remote sensing image 
based oil spill detection method is founded on the spectrum difference between 
seawater and the oil film and the oil film characteristics on the images such as 
band-combination and band-comparison detection[12-13], spectral analysis 
detection[14], SVM classification detection[15], etc.. However, the contrast of the oil 
slick and the water is often small, which reduces accuracy of the oil spill detection. 

Edge detection as a low-level visual processing, has always been a hot research 
subject in image processing and analysis area, and many scholars tend to apple edge 
detection algorithm to detect oil spill[16-18]. However, the above oil spill edge 
detection algorithms were mainly carried out based on SAR images, as for the optical 
images, Jing et al. utilized the global minimum active contour model to detect red 
image spill edge but found when the background is complex, it will detect a false target; 
additionally the algorithm is less efficient [19]. In recent years, the gravity based image 
recognition, classification and research aroused many scholars’ attention [20-21], but 
had not been applied to spill detection. This paper is to illustrate how to construct the oil 
spill gravity vector difference detection model based upon optical remote sensing 
images, utilizing the expansion or viscosity of the oil and water (i.e. the most easily 
expanded or viscous nature of the oil and water boundary pixel), bringing in the law of 
universal gravitation detection method, improving and optimizing this method by zero 
pixels elimination, normalization and non-linear transformation to the images. 

2 Marine Oil Spill Gravity Vector Differences Detection Model 

2.1 Gravity Vector Differences Detection Model Theory 

The sea is divided into two parts: oil and water, when marine oil spill occurs. Oil and 
water have the property of self-expansion or viscosity and can change the properties of 
the adjacent pixel. So we define the properties as "gravity." On the sea, the expansion of 
oil is strong, and the expansion of water to oil is weak so that we could assume that oil 
or water pixel value determines the size of gravity or every pixel is an object and the 
value of pixel is its "mass". Then, according to Newton's law of universal gravitation, 
every object in the universe attracts every other object with a force directed along the 
line of centers for the two objects, and this force will be applied to the two objects 
respectively, which are equal and in the opposite direction. The law of gravity can be 
stated [20]:  
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. 

We selected one pixel for the center point and chose 3×3 calculation window to 

calculate the gravitational forces: 

( ) ( )2 2x yF F F= +                                  (2) 

Where xF and yF  are the vector sum of all gravitational forces in x and y  
direction. 

2.2 Marine Oil Spill Gravity Vector Differences Detection Model 

The edge detection algorithm based on law of universal gravitation is only for a few 
regular images, but for marine oil spill image, which has a large noise, irregular edges 
of oil slick and the information is weak. This detection algorithm ignores the value of 
the center pixel in the image is zero. And when the selected calculation window slides 
in different regions, due to the values of pixel in the different window have large dif-
ference will cause the force of the center pixel depend on the value of pixel. Therefore, 
the detection algorithm has been improved and optimized in the model of this paper. 

Firstly, we removed image noise through the image filtering. The filtering methods 
include Lee, Frost, Gamma and median filtering. The main idea of median filtering is to 
run through the signal pixel by pixel, replacing each pixel with the median of neigh-
boring pixels and making the values of surrounding pixels close to the true value, 
thereby it can eliminate noise and maintain edge details. Therefore, we selected median 
filter before the oil spill detection. We used the same filtering method before the Sobel 
algorithm to improve the contrast of the detection results. 

The pixel's gravity is zero when the value of pixel is zero, through the law of gravity 
formula, which will affect the oil detection. Therefore, the formula (3) is used to cal-
culate the pixel with value zero and then acquire a new value. 

                      0

1n

DN
DN

+ Δ=
+ Δ

                                (3) 

Where
0DN is the original pixel value, 

nDN is a new value, Δ is a very small positive 

number. 
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The image normalization is processed for each 3×3 calculation window to avoid the 
algorithm depends on the level of original image brightness. Thereafter, the non-linear 
transformation is processed via the equation (4) to improve the data contrast. 
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Where
( , )n i jX is the enhanced pixel value, 

( , )o i jX is the original pixel value. 

Finally, the enhanced image is calculated by gravity vector differences detection 
model to obtain the sum of the gravitational forces of the neighborhood pixels to the 
center pixels in the 3×3 window, then the threshold is selected to obtain the oil slick. 
The threshold is got via cumulative histogram method. When the proportion of the 
number of edge pixels to the total of pixels is equivalent to N%, the value of pixel M is 
the threshold. However, N is determined according to the different data in different 
regions and through multiple experiments. Comparative experiment threshold selection 
is also based on this method. 

The flow of this model is shown in Fig.1. Firstly, median filtering is used to remove 
the noise of optical remote sensing image and well maintain the features of image edge. 
The value of pixel which is equivalent to zero is converted to a new pixel value by using 
formula (3) to improve the accuracy of the model. Then the model reduces the de-
pendence on brightness of the image by formula (4). Finally marine oil spill is detected 
by the gravity vector differences detection model. 

 

Fig. 1. Flow chart of model 

3 Experimental Data and Result 

3.1 Data 

This paper takes the oil spill incidents of Mediterranean Sea (33°-34°N, 25°-27°E) in 
2004 and the Gulf of Mexico (27°-28°N, 92°-93°W) in the U.S.A in 2006 as research 
subjects. The variance of the sea water spectrum is less than the contrast of 
oil-water spectrum of the second band of MODIS, and the oil slick can be shown on 
this band clearly [22]. So this paper selects the MODIS data acquired on 30th August 
2004 and 13th May 2006 with spatial resolution is 250m to detect the oil. 
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3.2 Result 

Case1:  
In late Aug. 2004, the oil spill incident was happened in the Mediterranean Sea, as 
shown in the Fig.3 (a). Two parts of A and B exhibited linear which complied with the 
distribution of trajectory of ship oil spill in the sea. The region C may be the shadow 
caused by the wind speed or wave which was not oil spill. Oil spill was detected ac-
cording to the proposed model and Sobel algorithm. A threshold was determined by the 
cumulative histograms shown in Fig.2. After several tests, we selected gray value as the 
threshold when N = 98%. The result of gravity vector difference detection model is 
shown in Fig.3 (b). The feature of the oil is linear in area A and boundary is continuous 
and oil slick is reflected clearly. The overall effect is similar to the actual spill area in 
area B, but the final oil slick is incomplete. The wrong test result appears in the spill 
area C. The result of Sobel is shown in Fig.3 (c). The oil slick is missed on the left of 
area A. The oil of the area B is complete. Although the area C is not clear, false de-
tection exists. The noise of the result is prominent. 
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(a) Cumulative histogram of result of proposed model (b) Cumulative histogram of result of Sobel 

Fig. 2. Cumulative histograms 

     
       (a) Original image         (b) Result of proposed model          (c) Result of Sobel 

Fig. 3. Detection results of oil spill in the Mediterranean Sea in 2004 

Case 2:  
The oil spill incident was happened in Gulf of Mexico of the U.S.A in 2006, as shown 
in the Fig.5 (a). The oil spill affected by sea waves, was "banded" distributed 
throughout the sea and formed obvious contrast with the background. First the  
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cumulative histograms of gravity vector difference detection model and Sobel algo-
rithm were obtained as shown in Fig.4. We selected gray value when N = 85% as the 
threshold after several tests. The result of gravity vector difference detection model is 
shown in Fig.5 (b). The overall effect is relatively good and oil slick is prominent. 
Some areas are partially affected by noise so that the final result is impacted. The model 
misses to detect some "narrow" film and some areas with inconspicuous contrast be-
tween the oil and water. The result of Sobel is shown in Figure 5 (c). The right half is 
badly affected by noise, and only the left part of oil can be detected, but the oil slick is 
not quite clear due to the noise, and the upper left oil slick is not detected. 
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(a) Cumulative histogram of result of proposed model (b) Cumulative histogram of result of Sobel 

Fig. 4. Cumulative histograms 

           

        (a) Original image       (b) Result of proposed model        (c) Result of Sobel 

Fig. 5. Detection results of oil spill in the Gulf of Mexico in 2006 

4 Discussion 

The detection results of the two cases above prove that the proposed model has a strong 
capability for oil spill detection. But in some areas, the sea waves result in the area of 
remote sensing image is in dark shade, forming look-alikes as shown in area C of Fig. 3, 
which will reduce the accuracy of the model. This paper selects the MODIS 



 Construction and Application of Marine Oil Spill Gravity Vector 709 

 

near-infrared data with the spatial resolution is 250m which is relatively low. Some 
small oil slick is similar to the background in the image, and some new oil is brighter 
than the earlier oil in the image. Therefore, in the detection process, some oil is unde-
tected due to the contrast between the oil and background is not obvious, as shown in 
Fig.3 and Fig.5. The accuracy of this model is influenced by sunglint. Sunglint is the 
direct specular reflection of the solar radiation over the ocean waves. As a result, the 
typical image of a sea surface portion acquired in sunglint condition is brighter than the 
surrounding region [23] as shown in area B of Fig.3 (a). Especially at the end of area B, 
the contrast between oil slick and water is reduced which is caused by the color of oil 
slick inversion due to the sunglint. This makes the end of oil slick undetected. 

5 Conclusions 

This paper proposes a marine oil spill gravity vector differences detection model based 
on gravitational forces, the model removed noise from the image using median filter-
ing, and used the zero pixels elimination and the image normalization to avoid the 
dependency of the model on the brightness level of original data. Then the contrast 
between oil slick and water was increased by nonlinear transformation. Finally, we 
calculated the gravity vector between the center pixel and neighborhoods and obtained 
the oil slick through the judgment against the threshold. We had good results in two test 
areas. The results proved that the proposed model has a strong capability at marine oil 
spill detection. 

There are many factors affect marine oil spill detection, such as oil slick brightness 
inversion phenomenon under the sunglint, judgment and detection of suspected oil 
slick, the threshold selection. These factors will inevitably affect the accuracy of ma-
rine oil spill detection. Therefore, in future research, we should select more optical 
satellite remote sensing data to modify the model, and enhance the accuracy of the 
model. 
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